This study presents a methodology for exploiting the nonlinear hedonic nature of housing prices to estimate the compensated demands of households for particular housing attributes. The methodology is employed to provide Hicksiau benefit measures of a particular housing subsidy program typical of those undertaken recently in developing countries.
I. INTRODUCTION
In contrast to many commodities traded in the economy, housing services include a diverse bundle of attributes priced in a complex way. Because of the high costs of transforming housing bundles, arbitrage is generally impossible; thus it is to be expected that the prices of individual attributes vary jointly in a nonlinear way, even in market equilibrium. Indeed, in the housing literature there has been a great deal of attention paid empirically to the joint pricing problem, and the literature on hedonic housing prices is voluminous.* Despite at least three discussions of the analogy between shopping for housing and shopping in a supermarket (cf. [4, 8, 17] ), the correct interpretation of these hedonic functions was widely misunderstood until the work of Sherwin Rosen [16] appeared. Rosen's analysis indicated rigorously the relationship between the offer functions of suppliers, the bid functions of demanders and the hedonic structure of prices. Empirically, Rosen suggested a procedure for estimating the compensated demands of consumers, a procedure which has been implemented in the housing context in one recent paper [19] . More recently, it has been shown [2] that the estimation 'This paper was financed, in part, by the World Bank, which is not responsible for its contents. An extended version of this paper, including more detailed and appropriately qualified empirical analysis, is available (Quigley [ 141) . The assistance of Dani Kaufmann and Paul Pfleiderer is gratefully acknowledged, together with the comments of Michael Bamberger, Gregory Ingram, Johamtes Linn, and Pravin Varaiya.
*For example, a recent paper by Freeman [4] compares the results of 18 hedonic analyses of housing prices which consider air quality as a component of the housing bundle. procedure, as originally suggested, contains a fatal flaw and cannot be employed to identify the structural parameters of suppliers' offers or demanders' bids. This paper has two objectives: first to consider how sufficient structure can be placed on the problem to identify and to estimate the compensated demands of consumers; and second, to apply the methodology derived to evaluate the net benefits of a specific, but prototypical, housing investment program sponsored by an international agency in several developing countries.
Section II below summarizes briefly the hedonic theory of the housing market and investigates where additional structure can be imposed on the problem. Section III indicates how market information and specific behavioral restrictions can be used to identify and estimate compensated demand curves for housing components. This analysis is related to the work of Harrison and Rubinfeld [7] , Murray [9, lo] , and Walters [18] .
An empirical application of the methodology is reported in Section IV and in the accompanying appendix. The empirical analysis presents estimates of the net benefits of a housing subsidy program undertaken by the World Bank in Santa Ana, El Salvador; the particular housing subsidy program is typical of a number of similar investment programs sponsored by the World Bank in 10 developing countries in the past decade [20, pp. 70-721.
II. HEDONIC RELATIONS AND BID RENTS
At any moment, observations in the market provide information on the vector h of housing attributes h , , h 2,. . . , h, which completely describe the services provided by each unit, and the level of expenditures R, which each unit commands. From observations on the dwellings and their associated housing attributes in a single competitive market,
describes the relationship between the characteristics of housing services and the rents they command. This hedonic price function indicates the total cost of each collection of attributes. Assuming continuity, the marginal price for any attribute ap(h)/ah, is determined, at any level of the other attributes. The hedonic price function has been mentioned in the literature for more than 20 years [6] and has been widely used in the development of index numbers (e.g., for automobiles). The notion of analyzing the marginal prices of housing attributes through the computation of hedonic indices was advanced in the late 1960s (e.g., [15] ) and developed extensively in the 1970s.
Consider the supermarket analogy. Clearly the "correctly" specified and estimated hedonic relationship tells us no more about consumers' valuations of individual grocery items than the information that can be obtained by visiting a more conventional grocery store and observing the prices on the shelves. If consumers are competitive, then relative prices reveal marginal rates of substitution (regardless of supplier behavior). If suppliers are competitive, relative prices measure marginal rates of transformation. 3 In the absence of additional behavioral assumptions, the "correct" form of the hedonic relationship is an empirical issue. There has apparently been only one study [5] which has attempted rigorously, using Box-Cox techniques, to infer the statistically correct functional form for a hedonic relation for any data set for residential housing.
A. The Derivation of the Hedonic Price Function
Housing is a vector of attributes. Without loss of generality, assume that there are two attributes, h, and h,. Housing attributes are jointly priced; p[h,, h2] represents the total cost of consuming a dwelling unit with attributes h ,, h,. Consumers have well-defined preferences over housing attributes and other goods x, at a price of 1. Thus the consumer maximizes : U(h,, 4, x) subject to : Y = x +dh,, h21,
yielding three demand equations for x, h , , and h *, given income and exogenous prices. Since each consumer chose one dwelling, U= +,, h,, Y -~hh,l). ' A number of earlier studies used estimated hedonic relationships to make inferences about the level of benefits from public activities, particularly improvements in air quality. The common thrust of these attempts has been to estimate the benefits of a change in, say, air quality from h j to hf at locationj from statistical estimation of (1). Differentiate (1) to find the marginal price of clean air [ap(h)/ah,] at j, holding all other attributes constant [13] . The aggregation of property values changes across all locations, Zj[3p(h)/3hj](hT -h,), represents a prediction of the market's valuation of a specific program, namely the improvement of air quality from h to h*. Although this procedure has been used extensively to estimate the benefits of public programs (cf. [15] ), it is based upon faulty reasoning. In the first place, it need not be true that this procedure estimates the change in market values from any program accurately. In general, the aggregate change in values is misestimated because the property value prediction for each location supposes that everything else (including the air quality at a/i other locations) is unchanged [3] . In the second place, even if this procedure correctly predicts property value changes, this change need not correspond to the benefits (or aggregate willingness to pay) for any public program (see [ 121) .
Holding constant (but not necessarily measuring) the value of the utility function, then at given income y", the maximum amount B that can be offered for all other bundles of attributes leaving the consumer as well off as the choice of bundle hp, h: is u(y" -p[h:, h;], h:, h;) = U" = u(y" -B, h,, A*).
(4) Equation (4) defines an implicit relationship between B, bid payments, and housing attributes h, and h, yielding identical levels of satisfaction. Since the initial endowment of the consumer is arbitrary, the bid relationship varies with income and the utility level: B = f(U, Y, A,, &). (5) For any endowment, y is fixed at y" and (5) traces out a family of curves. Each curve indicates the bid for all combinations of housing attributes at an arbitrary utility level. Restrictions on the utility function U, > 0, U,,, < 0 imply that B, > 0, B,, -C 0, that is, the bid for any housing attribute is increasing at a decreasing rate. In addition, the bid in terms of the numeraire x for a marginal increment of h is, in equilibrium, the marginal rate of substitution between h and x aB uh, ah,=U,.
As noted by Rosen, 3B/31 is the compensated (Hicksian) demand curve for h, that is, it represents the demand price for additional units of h at constant utility level.
Two properties about these relations are observed from market data. First, at the equilibrium chosen by each consumer, the value of the bid rent curve must equal the value of hedonic price relation. Second, for each consumer, the partial derivative of the bid rent curve must equal the partial derivative of the hedonic price function. This implies that the bid rent function for each housing attribute must be tangent to the hedonic price relation. Alternatively, the hedonic price relation must itself be the envelope of the bid rent functions for each attribute. BUDGET A simple example indicates that detailed knowledge of consumer preferences alone imposes few, if any, meaningful restrictions of the market wide hedonic relationship.
Consider a very simple model. Assume, for convenience that housing is a single valued commodity h and that preferences are Cobb-Douglas with known parameters a and /?. The consumer's problem is to choose h according to the rule
where A is arbitrary.
The first order condition for a maximum can be expressed as
Any strictly concave hedonic function ensures that the left-hand side of (9) is uniformly increasing in h and the right-hand side is uniformly decreasing in h. Thus the solution, the amount of housing chosen by a consumer of any income, is unique. Now assume housing is a normal good and consider h(y), an arbitrary monotonically increasing relation between housing and income. Substitute into the first-order condition and differentiate with respect to y, yielding h'(Y) = P/a ~(YP"PdY)l + JwY)l( +) . (10) Housing consumption will increase with income as long as the denominator of the right-hand side of (10) is positive. Any concave hedonic function (P' > 0; P" > 0) again ensures this result. If individuals act as price takers, the maximization of utility is consistent with any hedonic price function which is concave, even in the restricted world of Cobb-Douglas utility functions. The imposition of a quite specialized form on consumer preferences generates only weak restrictions on the form of the hedonic structure of market prices. 4 This simple example indicates that assumptions about the form of the household utility function by themselves imply practically no meaningful restrictions on the hedonic price surface, in a world where market prices are demand determined.5 With demand determined prices, the exact shape of 4The necessary condition is, of course, weaker. The hedonic function need not even be concave; the denominator of (10) must merely be positive. Knowledge of the Cobb-Douglas parameters imposes only the following condition on the second derivative:
If symmetrical information is known about the suppliers as well as demanders of housing, it may be possible to deduce the exact shape of the hedonic function. Suppose, for example, housing is produced from two factors: W, purchased at constant price P,,,; and u, at a price of one. Assume the level of o fixed in the short run for each supplier. Now if the production function for housing is also Cobb-Douglas with known parameters P-4 KvAwE = h, then the offer function for a firm, holding its profits and fixed factors constant at II, and va, will be of the form:
where e(h) is the price at which suppliers offer h for sale. Exact knowledge of the parameters of the production function and the endowments (vO) of suppliers, may be combined with symmetrical knowledge about demanders to identify points on the hedonic function. where distributions are normalized to unit intervals for convenience only.
Obviously all housing units on the interval h, to 6 will be vacant and P(1) = 0. If housing is a normal good, the mapping from housing to income, y = F(h), and from income to housing, h = G(y), will be monotonic. For household with income y = P( h*), occupying housing h* = G(y) at price p(h*), mhmU(y -P(h), h) = U(y -P(h*), h*), which again implies each household satisfies
If the utility function is again assumed to be Cobb-Douglas, the hedonic function observed in the market is found by integrating (13) with initial condition P(1) = 0
04
The distribution of income and housing units specifies the mapping y = F(h) exactly. This function, in turn, is sufficient to specify the market-wide hedonic function exactly. Now consider the converse problem; assume the hedonic function is known with certainty. What information is generated about the utility function? Presume that the hedonic relation is given exogenously, or that it is derived by some "best fit" statistical criterion, such as BOX-COX, prior to the analysis.
As is illustrated in Fig. 1 for a homothetic utility function, if the form of the hedonic function is known and if it is nonlinear, then the exact shape of the utility contour can be inferred. Figure 1 illustrates the utility contours of an individual and the nonlinear budget constraint implied by a market price function. With a linear budget constraint, observations on identical consumers of different incomes lie along a single ray, say ray I, from the origin. With homothetic preferences, the slopes of the three indifference curves along the ray are identical at A, B, and C. Thus, with linear prices, the estimation of utility contours (as distinct from income expansion paths) is impossible. With a nonlinear budget constraint, however, the slopes of the indifference curves at B' and C' differ from each other and from the slope at A'. If preferences are homothetic, however, the slope at B" along ray II must equal the slope at B' and the slope at C" along ray III must equal the slope at C'.
Observations on identical individuals of different incomes are sufficient to trace out the shape of any indifference contour if the budget constraint is nonlinear and if preferences are homothetic; the family of contours can always be approximated numerically for any sample of observations on households.
Moreover, with nonlinear prices and several housing attributes, the trace of the budget constraint in the two dimensional plane may vary for households of the same incomes and preferences. Two households of type U' may elect differing budget constraints and different bundles A' and A" of h, and h, simply by their choice of some other attribute, h,.
Thus, it should be clear that the assumption of homotheticity of preferences is not even necessary if utility contours are to be traced out numerically. For estimation of the utility contours by statistical means, it is only necessary that each point B' on U* be associated systematically with some point B" on U '. Any assumption about the functional form of the utility function permits the parameters defining the contours to be estimated.
Suppose for example there are n housing components and the utility function is GCES (see [9] ; or especially [lo]).
where $I is arbitrary. In general, unless pi = pi = E the function depicts nonhomethetic preferences. Maximizing (15) subject to the budget constraint yields n first-order conditions of the form aP log?
+ (pi -1)log hi -(E -1)log x = logah (16) I and the budget constraint. The system includes n + 1 commodities, n + 1 equations with incomes and the hedonic price function as exogenous. Instrumental estimation of n equations, subject to one cross equation constraint, yields 2n + 1 parameters which can be solved for the (Y'S, /3's, and the value of E. Just as knowledge of the form of the demand curve permits Marshallian demands to be estimated when prices are linear, so knowledge of the form of the utility function permits the Hicksian demands to be estimated when prices are nonlinear.
There appear to be a few papers which have utilized related techniques to estimate household willingness to pay for jointly priced commodities or to perform cost-benefit calculations. Walters [ 181 estimates a homothetic (Cobb-Douglas) utility function for "quiet" and other goods; a paper by Murray [9] relies on a more complex analog to this procedure to estimate the benefits of public housing; a more recent methodological discussion [lo] explicitly considers the estimation of GCES utility parameters using budget shares derived from hedonic prices; finally, a recent paper by Harrison and Rubinfeld [7] relies upon an ad hoc, but related, methodology to estimate household willingness to pay for clean air.
IV. EMPIRICAL ANALYSIS
In this section, we apply this methodology to analyze household benefits of (a highly stylzed version of) a public housing investment program. In 1976 more than a thousand low income households in Santa Ana, El Salvador were selected to receive housing subsidies under a "sites and services program." Under this program (or rather the highly stylized version of the program considered here), households were offered the opportunity to consume a specified collection of housing attributes at a predetermined price. Available for analysis are two observations on each of a sample of low income dwelling units rented in the private economy in Santa Ana. Associated with each dwelling unit is a set of variables describing its characteristics, as well as information on the sociodemographic characteristics of the particular household renting it. The first cross section, taken in 1976, includes a subset of households who had been selected to receive public subsidy, but who were at that time living in the private economy. Also included is a sample of nonparticipant households in the private economy. At the date of the second observation, 1979, the households selected to participate had recently moved to their subsidized dwelling units. The data are from a combination of two sampling frames. For nonparticipants, observations represent a longitudinal sample of dwelling units, not necessarily of households; for participants, they are observations on the same households before and after the subsidy was received. Table 1 indicates the data available on the physical attributes of rental dwelling units and their prices in 1976 for a combined sample of 253 dwellings. Individual dwellings are located in three types of settlement: tenements (mesones); illegal subdivisions (colonias illegales); or shanties (turgurios). Measures of physical size of dwellings as well as estimates of the lot size associated with each unit are available for both 1976 and 1979. For tenement dwellings the lot size is recorded as zero. Information is also available on construction materials for selected components of dwellings and for the kinds of sanitary services and amenities provided. Overall quality assessments of aspects of the dwellings (not shown) were gathered only in 1979, and the length of tenure of residents is only known in 1979.
Unfortunately, no information is available on the characteristics of the microenvironments or neighborhoods in which these dwellings are located.
The attributes of the 253 dwelling units available for analysis for 1976 include three cardinal measures: h ,, h z, and h 3 (lot size; roofed area or living area; and the number of rooms), and two binary variables: h, and h, (signifying the presence of electricity and running water).
In addition, eight dummy variables report the attributes of plumbing facilities, and three sets of dummy variables report the condition of the roof, walls, and floors, respectively. These are aggregated into two measures, h, and h,, reported in Table 1 using a methodology described in the Appendix.
With the exception of the three size variables, all other attributes of dwelling units are categorical in nature, that is, they can be represented in regression analyses by a series of dummy variables, but there is no convenient cardinal metric.
As discussed in Section III, neither the correct set of independent variables nor the correct functional form for the hedonic relation is known The analysis which underlies the combination of the dummy variables reporting condition into the few quality indices, h, and h,, reported in Table 1 is relegated to Appendix 1.
A. The Hedonic Price Relationship
Hedonic regressions relating monthly rent to the characteristics of the housing bundles are reported in Appendix 2 for four common specifications based upon 253 dwelling units observed in 1976. A comparison of parameters and explained variance yields only a weak preference for the semilog specification. In this section, we apply the method first suggested by Box and Cox [l] to the problem.
Define the following family of transformations of the dependent variable rent (R):
This family of transformations, generated by X, is well defined for all R > 0. If it is assumed that for the regression equation, RCA) = pO + Zpih; + . . . +u, 08) the u's are normally distributed with zero mean and variance u*, we may estimate p, X and u by standard maximum likelihood techniques. In addition, as has recently been shown by Olsen [ 111, if normality of the U'S is inappropriate, this can be taken into account explicitly in the estimation procedure. Since the dependent variable, rent, with a mean of 22.6 and a standard deviation of 12.2, is truncated at zero, some departure from normality in u is indicated. Table 2 reports the coefficients of the Box-Cox specification evaluated at the maximum likelihood. The point estimate of X is -0.4, significantly different from zero, the semilog hedonic function (x2 = 10.68), and also significantly different from one, the linear hedonic function (x2 = 14.21). The coefficients of six of the seven attributes of the dwelling units are highly significant; the t ratio for the lot size variable is 1.27. The function explains almost 50% of the variation in monthly rents for the sampled dwellings. Table 2 also presents information on the marginal prices for housing attributes, as estimated by the best fitting functional form for the hedonic regression. We have computed the marginal price for each housing attribute in each dwelling unit, given the other characteristics of that dwelling unit. The table presents the mean marginal price, and the standard deviation, for "'f ratios in parentheses. hStandard deviations in parentheses. 'Additional cost of electricity and piped water, estimated at sample means each attribute. For example, ceteris paribus the average cost of an additional room is 8.8 colones per month. The standard deviation (3.7) indicates, however, that there is considerable variation in the cost of an additional room within the sample.
B. The Estimation of Household Preference Functions
For any nonlinear form of the hedonic price function, the marginal price for each attribute facing each household can be computed, for those housing attributes which are continuous. In this section we use the Box-Cox marginal prices summarized in Table 2 to estimate the parameters of the generalized constant elasticity of substitution (GCES) utility function. ' The hedonic results indicate that seven characteristics of housing command prices in the Santa Ana housing market. Five of these are measured by continuous variables: rooms, living area, lot size, condition, and sanitary quality. Two are discrete variables: the presence of piped water and electricity.
Assume a utility function for households of the following (GCES) form: Equation (19) specifies that households prefer more space per person, as measured by rooms, living area and lot size; the remaining characteristics are not expressed in per capita terms. + is arbitrary, and the remaining 13 parameters define household preferences.
As discussed above, m aximization of (19) subject to the budget constraint yields five equalities (which contain only continuous variables) of the form: log+ + (pi -1)log h, -(E -1)log x = log% I (20) as well as two inequality conditions. Estimation of the system of five equations represented by (20) yields 11 coefficients, which can be solved for 11 of the parameters of the utility function, (r, through (Ye, /3, through & and E.
7Estimates based on the hedonic regressions reported in Appendix 2 are available on request.
In the special case where pi = bj = E = 6 the utility function is CES and the system of equations reduces to log a. + (8 -1)log I = logap ahi. Table 3 presents the results of instrumental estimation of these systems of equations for the sample of households in the private housing market in Santa Ana in 1976. The sample includes 249 households for which good data on incomes and family sizes were available as well as data on housing characteristics and monthly rents. The table presents estimates of the 11 parameters of the GCES function and the six parameters of the CES specification.
In each case the dependent variable is the marginal attribute price computed from the Box-Cox hedonic function.
The results reported in Table 3 also provide a test of the hypothesis that the utility function is CES rather than GCES. The F ratio indicates that the hypothesis is rejected by a wide margin.
C. Exercising the Model
In this section we use the utility function estimates derived from the Box-Cox prices to impute the private benefits of the stylized housing program.
Two of the housing attributes which appear in the utility function-the presence of piped water and electricity-are inherently discrete, and thus do not appear in the equalities describing the marginal conditions of consumption.
A methodology for estimating the parameters, (Ye and (Y,, associated with these attributes is reported in Appendix 3. Combining the results reported there with those in Table 3 The utility functions are derived from observing the behavior of a cross section of 249 low-income households renting in the private market in 1976. In 1979, 157 of these households were participants in the public program providing increased levels of housing consumption at subsidized prices.
Equation (22) can be used directly to estimate the compensating variation and the income equivalent of the housing program for each participating household. As is well known, these measures of benefit to recipients can be aggregated to provide the total benefit of the program to renter households under either of two conditions:
If the urban area is "open,"' in the sense that utility equalizing migration is instantaneous; or If the program is "small," in the sense that the presence of the program does not alter the housing market and the structure of relative prices for nonparticipants.
The existence of a second cross section of dwellings rented on the private market in 1979, after participants had moved into their subsidized units, permits a test of the smallness of the program or the openness of the economy.
Appendix Table A4 utilizes the 1976 and 1979 cross sections of dwelling units in the private market to test for alterations in the structure of housing prices, which are at least potentially attributable to the subsidy program. The results presented there accept, by a wide margin, the hypothesis that the structure of housing prices is identical before and after the subsidy program was undertaken. These results indicate that the program is sufficiently "small," or that the urban economy is sufficiently "open," so that all benefits accrue to program participants.
A comparison of the housing conditions enjoyed in 1976 and 1979 by the sample of subsidized households indicates that they received much better housing conditions in 1979 but also paid much higher rents.
Given the results in Appendix Table A4 , (22) can be used to estimate the equivalent and compensating variation of the program for each household and also to calculate net program benefits. Let (hi, h,, . . . ,h7) be the initial level of housing consumption at price p, leaving income minus housing expenditures, x, for consumption of other goods; let (hr, ht, . . . ,hf) be the housing components offered by the program at price p*, leaving x* for consumption of other goods.
The equivalent variation of the program for any participant, or the amount of income A, which could be given to a participant instead of the subsidy, is
Similarly the compensating variation, the amount of income A, which could be taxed, leaving a participating household as well off as it had been initially, is ;++h:B~)+xe I '/' +x*.
(24) i=l Table 4 presents summary data on household valuations of the amenities provided by the housing program. Despite the high monthly payments charged by the program, the participating households are, on average, considerably better off on their own terms. The average amount of money which could have been given to households in 1977 in lieu of the sites and services program is estimated to be 4.4 colones per month or about 2% of average income in 1977. The average amount of money which could be subtracted from the income of participating households in 1979, to leave them as well off as they were in 1977 is 5.3 colones per month, or about 2+% of average income. It should be noted that the simple correlations among these measures of benefits are larger than 0.95 for the 157 house- holds in the sample. Under the assumptions of the model, the program appears to generate substantial benefits. Capitalized at 108, the average benefit per household is estimated to be on the order of 530-640 colones.
V. CONCLUSIONS
A distinguishing feature of housing markets is that consumers jointly purchase a set of attributes of dwellings subject to a nonlinear budget constraint. This paper investigates how information about this feature of the market can be used to identify, and to estimate, the compensated demands of consumers for housing attributes. It has been shown by others (e.g., [2] ), that joint estimation of the hedonic price surface and demand curves of consumers is generally impossible; identification requires some restrictions on the functional form of the hedonic relation. In this paper, we indicate that few meaningful restrictions can be placed on this function without detailed knowledge of the distribution of income and housing attributes; indeed, if consumers' preferences are Cobb-Douglas, this need not even imply that the hedonic function is concave. However, if the hedonic function is given exogenously, or if it is estimated according to some systematic statistical criterion (and if the function is nonlinear), this paper indicates that it is possible to estimate the demands for housing components. If preferences are assumed to be homothetic, then utility contours (and compensated demands) can be derived numerically. Alternatively, the parameters of quite general (and nonhomothetic) preference functions can be estimated statistically by observing consumer choice subject to the nonlinear constraint.
The empirical section of the paper illustrates the application of this methodology to a highly stylized version of a real housing investment program. The Box-Cox statistical criterion is used to estimate the hedonic price surface, and these nonlinear prices are then used to estimate the parameters of the GCES utility function for housing consumers. This function, in turn, indicates the compensated demands for components of housing services and permits welfare comparisons of public programs. The empirical analysis, in particular the analysis of willingness to pay for housing benefits, is facilitated by panel observations on households and their housing consumption; estimation of aggregate benefits is simplified by the finding that the structure of housing prices was unchanged during the period of analysis.
APPENDIX 1
As noted in the text, the measure of sanitary quality consists of eight dummy variables indicating the presence of particular plumbing and sanitary facilities. Prior to the analysis, these eight dummy variables (measure I) were aggregated to a single index (measure II) with values range from 1 to 4. For any functional form for the hedonic index, the aggregation of these variables into a single measure may be tested by an F ratio. Measuring the condition of the dwelling unit are six dummy variables describing the condition of the walls, and six each describing the condition of floors and roofs. Measure I consists of this set of 18 dummy variables. Measure II consists of a prior aggregation of these into three indices with values from 1 to 3. Measure III consists of each of these indices multiplied by its appropriate area: roofed area, floor area, and wall perimeter. Measure IV consists of the simple sum of the three unweighted indices (measure II).
Appendix Table Al indicates the appropriate F tests for the restricted versus unrestricted regressions for these measures for each of the functional forms of the hedonic regression reported in the text and in Appendix 2. Table A2 presents similar regressions for the linear form as well as the semilog, log-log, and inverse semilogarithmic form. It also presents coefficient estimates for the restricted (measure IV) and unrestricted (measure II) representations of dwelling quality. Measured in terms of goodness of fit or significance levels of coefficients, there is little basis to choose among specifications. The alternative forms explain between 33% and 38% of the variation in rent, with a slightly higher explained variation for the semilog form. In contrast, the Box-Cox specification reported in Table 2 in the text accounts for 49% of the variation in monthly rents, and the t ratios of coefficients are slightly larger.
APPENDIX 3
Two of the attributes of housing, piped water and electricity, are inherently discrete and their parameters cannot be estimated from the first-order conditions (IQ. (20) in the text). Thus the 11 parameters of the GCES utility function reported in Table 3 in the text are incomplete; they neglect, for example, the possibility that households trade off more space for piped water. In the sample of 249 Santa Ana households, 92% had piped water in their dwelling units and 89% had electricity in 1976. How do households substitute between these two attributes and the other characteristics of the bundle of housing and other goods?
It should be clear that if households are informed customers, then, in equilibrium, all households of the same income and family size will achieve the same level of satisfaction regardless of their consumption choices. Thus, if we consider households of the same income and family size, the computed values of the utility function must be identical. Therefore, within any group of homogeneous households, differences in the value of the utility index computed from the coefficients in Table 3 must be attributable to variations in these amenities.
If we partition "identical" households (i.e., those of the same income and family size) we can compute the utility index for four groups of households: Those with both water and electricity (U,,); those with water (U,O); those with electricity (&,); and those with neither (U,). For each group of identical households, it must be true that:
The solution of two of the three equations will provide the values of a6 and (r7 for each class of identical consumers. Note that this does not compare utilities across households of differing incomes and family sizes. Households of the same income and family size are assumed to be identical. Competition insures they achieve identical utility levels. Thus where t ratios are in parentheses.
For each of the 249 households in the entire sample, the coefficients of (A-l) provide a value of c,, or (0, + a6 + ar,), the utility achieved by households if they had chosen both piped water and electricity. Since utilities must be equalized regardless of whether these attributes are chosen, the utility level estimated from (A-l) can only differ from the utility level computed from the GCES function (I?) due to the presence of water or electricity, i.e., fi + ag (piped water) + a, (electricity) = o,, . where t ratios are in parentheses. a6 is estimated to be 2.349; a7 is estimated to be 2.864. Application of the same methodology to the CES utility function yields coefficients of 2.046 and 2.617 for piped water and electricity.
APPENDIX 4
As noted in the text, the benefits to program participants can be aggregated to indicate the total benefits of a public program to renters if the program is "small" or if the local economy is "open." Clearly if the program were large or if the economy were closed-if a sizable fraction of households within a single market were participants or if there were barriers to mm&ration-then some benefits would accrue to nonparticipants in the form of lower prices in the private housing market.
The existence of cross sectional observations on dwelling units and their prices before and after the subsidy program was initiated permits this issue to be investigated. Table A4 summarizes the observed differences in the structure of housing prices in the market between 1976 (before any households had moved into subsidized units) and 1979 (approximately two years after participating households had moved into their subsidized units). The table reports the explained variance in monthly rent for regressions based on three samples: the pooled sample of dwelling units in the private economy in 1976 and 1979; and separately for the 1976 and 1979 samples.
These regressions relate monthly rent to the seven independent variables for five different functional forms. The table also reports the t ratio for a dummy variable in the pooled regression for 1979 observations, and the F ratio testing the hypothesis that the structure of housing prices was different between the two years. Both hypotheses are rejected by a wide margin, indicating that the structure of housing prices remained the same. Since the subsidy program had no impact on housing prices in the market, then all benefits accrue to participants.
